Introduction {#sec1-1}
============

Human leukocyte antigen (HLA)-G is a nonclassical HLA class Ib antigen with seven spliced isoforms: four membrane-bound (-G1 to -G4) and three soluble forms (-G5 to -G7) (Guo et al., 2013; Alegre et al., 2014). In addition to soluble isoforms, HLA-G may be shed proteolytically from cells (Rizzo et al., 2013). Membrane-bound and soluble forms of HLA-G exert similar inhibitory functions through their interaction with immunoglobulin-like transcript (ILT) receptor-2, ILT4 and killer immunoglobulin-like receptor (KIR) 2DL4, which are differentially expressed by lymphoid cells and myeloid antigen-presenting cells (Alegre et al., 2014).

Primarily, HLA-G is expressed on the placental extravillous cytotrophoblast, which plays a key role in modulating the maternal immune system during pregnancy. Ectopic HLA-G expression has also been detected in several pathological conditions such as transplantation, cancer, viral infection and autoimmune diseases (Amiot et al., 2011; Deschaseaux et al., 2011; Fainardi et al., 2011). Overexpression of HLA-G and increased plasma levels of soluble HLA-G (sHLA-G) have been reported in different human malignancies, and are believed to protect tumor cells from immune surveillance (Amiot et al., 2011). The acquisition of functional HLA-G molecules from antigen-bearing cells by trogocytosis is another mechanism of evasion which can induce immune suppression in the tumor milieu (LeMaoult et al., 2015).

Gastric and colorectal cancers have a high mortality rate and are the most common gastrointestinal cancers in the Iranian general population (Pourhoseingholi et al., 2013). The present study was designed to evaluate the expression of HLA-G in tumor tissues and the plasma levels of sHLA-G in patients with gastric and colon adenocarcinoma, and to determine their relation with clinicopathological factors. The link between the concurrent presence of *Helicobacter pylori* genome and increased levels of HLA-G and/or sHLA-G in gastric cancer was also investigated.

Materials and Methods {#sec1-2}
=====================

A total of 100 patients with gastric and colon adenocarcinoma who were scheduled for surgery at Faghihie Hospital (affiliated to Shiraz University of Medical Sciences, Iran) from 2013 to 2016 were enrolled in the study after they had provided their written informed consent. Our study protocol was approved by our University Ethics Committee. Blood samples were collected from 82 patients before surgery and plasma was isolated and stored at −20°C until further analysis. The best paraffin-embedded block containing tumor tissue from each patient was selected by an expert pathologist for immunostaining analysis.

Detection of HLA-G in tumor tissues from patients with gastrointestinal cancer {#sec2-1}
------------------------------------------------------------------------------

The expression of HLA-G was investigated by immunohistochemical (IHC) staining in 4-µm thick paraffin-embedded tissue sections from patients with gastrointestinal cancer. Briefly, after deparaffinization by xylene and hydration in graded ethanol, endogenous peroxidase activity was blocked with 3% H~2~O~2~ in methanol for 3 min. Antigen retrieval was performed in Tris buffer at 120°C for 15 min, and tissues were then incubated with goat serum 1:100 in PBS for 20 min. After that, mouse anti-human HLA-G antibody 4H84 (Exbio, Prague, Czech Republic), which detects all HLA-G isoforms, was added (diluted 1:250 in PBS) followed by incubation for 1 h. After washing, bound antibodies were visualized with a detection system (Dako, Glostrup, Denmark) consisting of HRP-conjugated secondary antibody coupled to a dextran polymer backbone and 3,3'diaminobenzidine tetrahydrochloride (DAB) chromogen with H~2~O~2~. Sections were then counterstained with hematoxylin, dehydrated with ethanol and mounted. Human placental tissue from the first trimester was used as positive control, and adjacent normal tissue in each section was considered as negative control for IHC.

Tissue staining was scored in a blind manner by two experienced pathologists, based on the intensity of staining and/or the proportion of cells expressing HLA-G. Staining results were considered negative for tumor tissues without staining, 1^+^ for specimens with \<25% of the tumor cells stained and/or weakly stained, 2^+^ for specimens with 25%--50% of the tumor cells stained and/or moderately stained, and 3^+^ for specimens with \>50% of the tumor cells stained and/or strongly stained (Ye et al., 2007).

Evaluation of sHLA-G plasma levels in patients with gastrointestinal cancer {#sec2-2}
---------------------------------------------------------------------------

Plasma levels of sHLA-G including shed HLA-G1 and HLA-G5 were quantified in 82 patients and 45 healthy individuals with an ELISA kit (Exbio) at a detection limit of 3 U/mL based on the manufacturer's instructions. As the capturing antibody we used 4H84, and as a detecting antibody we used HRP-conjugated anti-human β2-microglobulin. The concentration of sHLA-G in each sample was obtained from a standard curve constructed by plotting the absorbance against corresponding known calibration concentrations ranging from 3.9 to 125 U/mL on a logarithmic scale, using the four-parameter algorithm.

Detection of H. pylori UreC gene in tumor tissues from patients with gastric cancer {#sec2-3}
-----------------------------------------------------------------------------------

DNA was extracted from 3 to 4 (5-μm thick) formalin-fixed, paraffin-embedded sections of gastric cancer tissue using a commercial kit (GeNet Bio, Daejeon, South Korea) after deparaffinization in warm xylene and washing in 100%, 80%, and 60% ethanol. A 294-bp fragment of *H. pylori* UreC gene was amplified by PCR using forward 5'AAGCTTTTAGGGGTGTTAGGGGTTT3' and reverse 5'AAGCTTACTTTCTAACACTAACGC3' primers (Lage et al., 1995), and amplicons were then resolved on 2% agarose gel.

Statistical analyses {#sec2-4}
--------------------

The chi-squared test was used to determine the association between HLA-G expression in tumor tissues and each of the clinicopathological parameters. The correlation between HLA-G expression in tumors and sHLA-G serum levels was estimated with the Spearman rho test. The association between plasma sHLA-G levels and each of the clinicopathological parameters was explored with the Mann--Whitney U test. A receiver operating characteristic (ROC) curve was used to evaluate the diagnostic ability of the sHLA-G test to discriminate between patients with gastrointestinal cancer and healthy individuals. All statistical analyses were done with SPSS v. 19, and two-sided P-value less than 0.05 was considered statistically significant.

Results {#sec1-3}
=======

To investigate the association between HLA-G expression in tumor tissues and plasma sHLA-G levels in patients with gastrointestinal cancer, a total of 100 patients were examined in this study. The demographic and clinicopathological data for these patients are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Demographic and Clinicopathological Characteristics of Patients with Gastrointestinal Cancer

  ------------------------------------ -------------
  Age (years) (n=100)                  
   Mean±SD                             56.59±14.79
   Range                               26-81
  Sex (n=100)                          
   Male                                67
   Female                              33
  Depth of invasion (n=92)             
   T1                                  3
   T2                                  21
   T3                                  50
   T4                                  18
  Lymph node involvement (n=92)        
   Yes                                 51
   No                                  41
  Tumor stage (n=92)                   
   I                                   15
   II                                  32
   III                                 42
   IV                                  3
  Tumor cell differentiation (n=100)   
   Poor                                16
   Moderate                            21
   Well                                63
  Tumor location (n=100)               
   Gastric                             26
   Colorectal                          74
  ------------------------------------ -------------

The results of IHC staining showed that HLA-G expression was detected in 41% of the samples, of which 13% were 3^+^, 15% were 2^+^ and 13% were 1^+^ ([Figure 1](#F1){ref-type="fig"}).

![Immunohistochemical Staining for HLA-G in Colorectal Adenocarcinoma (Left) and Gastric Adenocarcinoma (Right); (a), Placenta as Positive Control; (b) and (e), 1^+^; (c) and (f), 2^+^; (d) and (g), 3^+^. Magnification: ×250](APJCP-19-2731-g001){#F1}

HLA-G expression was observed in 43% of colorectal cancers and 34.6% of gastric cancers. We found no correlation between HLA-G expression in tumor cells and any of the clinicopathological characteristics.

The area under the ROC curve for sHLA-G was 75.2% (95% confidence interval 64.8 to 85.5) and the optimal cut-off value was 57.85 U/mL with a sensitivity of 89.2% and a specificity of 62.2% ([Figure 2](#F2){ref-type="fig"}).

![ROC Curve as an Indicator to Distinguish between Patients with Gastrointestinal Cancer and Healthy Individuals based on sHLA-G Positivity](APJCP-19-2731-g002){#F2}

Plasma levels of sHLA-G were significantly higher in patients than in healthy controls (85.37±60.83 U/mL vs. 56.99±48.45 U/mL, P\<0.001). There was a significant correlation between increased sHLA-G level and stage I tumors ([Figure 3](#F3){ref-type="fig"}).
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The *H. pylori* genome was detected in 8 out of 25 (32%) gastric cancer specimens, of which only 3 samples were positive for HLA-G expression (two samples were 2^+^ and one sample was 3^+^). In all *H. pylori*-positive patients, sHLA-G levels were above the cut-off value.

Discussion {#sec1-4}
==========

HLA-G is one of the major factors in tumor cell escape from immune responses (Amiot et al., 2011). The first report of HLA-G expression by tumor cells was in a study of patients with melanoma published in 1998 (Paul et al., 1998). Since then, different levels of HLA-G expression have been detected in various cancers (Ye et al., 2007; Menier et al., 2009). In this study we found HLA-G expression in 41% of patients with gastrointestinal cancer (43% in colorectal cancer and 34.6% in gastric cancer). In similar studies, Tuncel et al., (2013) identified HLA-G expression in 31% of gastric cancer tissue samples, and Ye et al., (2007) detected HLA-G expression in 65% of colorectal cancer specimens. The atypical expression of HLA-G in malignant lesions may explained by epigenetic changes in tumor cells (Mouillot et al., 2005), although HLA-G production is primarily controlled by inherited alleles as well as polymorphisms in the 5' upstream regulatory region and the 3' untranslated region of the gene (Dias et al., 2015).

We found no association between HLA-G expression and any of the clinicopathological factors studied here. In contrast, a correlation between HLA-G expression and tumor stage and/or tumor grade was reported in gastric cancer (Tuncel et al., 2013; Yie et al., 2007a), and in other tumors such as esophageal squamous cell carcinoma (Yie et al., 2007b), hepatocellular carcinoma (Lin et al., 2010) and lung cancer (Yie et al., 2007c). These findings may reflect the role of HLA-G in tumor progression. The inconsistency between our results and those of earlier studies may be due to preoperative chemotherapy and radiotherapy, which 49% of our patients had received. One previous study reported cleavage of HLA-G from the tumor cell and a concomitant increase in its soluble form following radiation therapy (Michelin et al., 2009).

Overexpression of HLA-G has been detected not only in tumor biopsies but also in biological fluids from patients with different malignancies (Cao et al., 2011). In our study, sHLA-G was significantly increased in patients compared to controls, as shown by the area under the ROC curve of 75.2% for the discrimination between patients and healthy individuals. This finding is consistent with the superiority of sHLA-G compared to alpha-fetoprotein for the early diagnosis of malignant hepatocellular carcinoma versus liver cirrhosis (Eldin et al., 2016), and compared to carcinoembryonic antigen in differentiating colorectal cancer from benign colorectal diseases (Zhu et al., 2011). Unlike Jeong et al., (2014), who found higher levels of sHLA-G in patients with advanced stages of breast cancer, our results showed a significant increase in sHLA-G expression in patients with stage I gastrointestinal cancer. We believe that HLA-G overexpression and its shedding by early-stage tumor cells induce immune suppression, which in turn facilitates tumor progression.

We found no correlation between plasma sHLA-G concentration and HLA-G expression in tumor tissues. This is consistent with the results of Lin et al., (2010) in hepatocellular carcinoma. The lack of positive relation between HLA-G and sHLA-G may reflect the existence of other soluble isoforms in addition to those released from tumor cells (Rebmann et al., 2003).

We detected *H. pylori* DNA in 32% of the gastric tumor samples tested here. Although *H. pylori* is considered a risk factor for gastric cancer, there is no direct relationship between the incidence of *H. pylori* infection and the prevalence of gastric cancer (Conteduca et al., 2013). The immunosuppressive effect of HLA-G may play a role in susceptibility to infections (Amiot et al., 2014). In this regard, Oliveira Souza et al. (2016) detected HLA-G expression in 79.6% of *H. pylori*-positive gastric samples, whereas we detected HLA-G expression in only 3 of 8 *H. pylori*-bearing gastric tumors. Increased HLA-G production following infection may depend on the host genetic background rather than the type of infectious agent. This possibility is supported by Haddad et al., (2011) who reported an association between the HLA-G 14-bp deletion/deletion genotype and a higher risk of HTLV-1 infection. This genotype is related with greater mRNA stability and increased HLA-G expression. Unexpectedly, Genre et al., (2016) observed a strong association between the insertion/insertion genotype and increased susceptibility to *H. pylori* infection, but it should be noted that *H. pylori* uses different strategies to evade immune responses (Lina et al., 2014).
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